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METHOD FOR REACTIVE ION ETCHING AND APPARATUS THEREFOR 
FIELD OF THE INVENTION 

The present invention relates to a mask for reactive ion 
etching and an apparatus used therefor. More specifically, the 
invention relates to a novel mask for reactive ion etching and 
an apparatus used therefor, which is characterized by a dry 
etching apparatus for a magnetic material, which is useful for 
production of a magnetic head for read-write of a magnetic disk, 
a microt^rans former or a microinductor installed in a magnetic 
integrated circuit, a magnetic sensor, various quantum 
magnetic devices, such as a spin scattering magnetoresistance 
effect device, a spin valve device, a ferromagnetic tunneling 
device, a spin diode and a spin transistor, and a constitutional 
part of a micromachine, such as a thin film magnet and a 
magnetos trictive actuator. 



BACKGROUND OF THE TNW.mttqm 

A mi crosemi conductor device such as a VLSI and a 
micromagnetic device are generally produced by a combination 
of two processes, i.e. , a lithography technique and an etching 
technique . 

The lithograph technique is a technique of producing fine 
patterns on a photosensitive film such as a resist film coated 
on a surface of a material to be processed, such as a thin film 
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ot . semiconductor and a thin til. of » "^atic -tarial , which 
includes a photolithography technique where exposure is 
conductad with an ultraviolet ray, an alactron beam lithography 
technique whara axposura is conductad with an alectrcn beam, 
and an ion beam lithography technique whara exposure i. 

conducted with an ion beam. 

The etching technique is a tachniqu. of producing a device 
* transferrin, the resist pattern produced by the lithography 
„ th. material to be processed, such a. a thin film of a 
semiconductor and a thin film of a magnetic material. 

Th. etching tachniqu. includas a wet etching method, an 
atJ on ion sailing method and a reactive ion etching method. 
^ these etching methods, the reactive ion etching methed 
i. the most excellent methed because the pattern produced by 
tbe lithography can be transferred in the most precise manner. 
it ia „ost suit^le for fine worting, and the etching rate is 
the largest. LSls of semiconductors and semiconductor memory 
devices are actually produced by this method. 

in the reactive ion etching method, a material to b. 
processed is placed in a plasma of a reactive gas with applying 
an alectric field, and atoms on the surface of the material to 
be processed is chemically and physically removed by an ion beam 
incident normally onto the surface of the material to be 
processed, by which an anisotropic -orbing is possible, -hare 
a pert not covered with the mass is vertically cut along the 



>^ 

edge of the mask. Accordingly , a fine and sharp feature can 
be transferred by the reactive ion etching method. In the 
reactive ion etching method, chemical active species such as 
an ion and a radical of the reactive gas generated in the plasma 
are adsorbed on the surface of the material to be processed, 
to chemically react with the material to be processed, and a 
surface reactive layer having a lower bond energy. The surface 
of the material to be processed is exposed to the inpact of 
cations accelerated by the electric field in the plasma, and 
thus the surface reactive layer having a lower bond energy is 
removed by the sputtering effect by ions or the evaporation 
effect of itself. That is, the reactive ion etching method is 
a process, which proceeds with a chemical action and a physical 
action simultaneously- As a result, the selectivity of etching 
only a specific material, and the anisotropy of vertically 
etching the surface of the material to be processed can be 
realized. 

However, an effective reactive ion etching method has not 
been developed for a magnetic material for a long time. The 
wet etching method or the argon ion milling is actually used 
for a magnetic material, to produce a thin film magnetic head, 
a magnetic sensor and a microtrans former. 

Under the circumstances with respect to a magnetic 
material, the tendencies of the miniaturization and the high 
density integration of a magnetic material is considerably 
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delayed, which becomes a difficulty of development of these 
devices . 

The reason why the reactive ion etching of a magnetic 
material is difficult is as follows. While the magnetic 
material mainly composed of a transition metal element can react 
with most of etching gases having been developed for etching 
semiconductor materials (e.g., CF,, CCU, CCl 2 F 2 , CC1F„ CBrF„ 
Cl 2 , C 2 F«, CFs, C«F l0/ CHF 3 , C 2 H 2 , SF 6 , SiF„ BC1 3/ PCl 3 , SiCl«, 
HC1 and CHC1F 2 ) , only a reaction product having a far larger 
bond energy than the reaction product of the semiconductor 
material is produced. Therefore, it cannot be removed by the 
sputtering or the evaporation, and etching cannot proceed. 

Under the circumstances, an investigation of a novel 
reactive ion etching process has been investigated that is not 
analogical inference of the existing technique for 
semiconductors, and recently a method using a plasma of a mixed 
gas of carbon monoxide (CO) and ammonia gas (HH 3 ) has been 
developed by the inventor of the invention. The principal of 
this method is that a carbonyl compound of a transition metal 
(e.g., Fe(CO) 5 , Ni(CO) 4 , Co 2 (CO)„ Mn 2 (CO) X0 , Cr(CO)«, V(CO) 6 , 
Mo(CO)« and W(CO)«) is formed on the surface of the magnetic 
material mainly composed of a transition metal element as a 
material to be processed by an active radial of CO, which is 
then removed by the evaporation or the sputtering of an ion in 
vacuum, to proceed etching. The carbonyl compound of a 
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transition metal is the compound having the smallest bond energy 
among the transition metal compounds. However, since CO is 
decomposed to C0 2 and C through a disproportionate on reaction, 
an introduced CO gas does not contribute to the reaction, and 
the free C atom reacts with the transition metal element to form 
a stable transition metal carbide, and therefore an etching 
reaction does not proceed in general . The NH 3 gas plays a role 
of delaying the disproportionation reaction in the presence of 
the transition metal element, and the objective reactive ion 
etching can proceed in the plasma of a gas obtained by mixing 
the substantially same amounts of CO gas and NH 3 gas. 

By a method according to this principal, it has been 
confirmed that magnetic materials, such as a permalloy (Fe-Ni 
alloy) , a Co-Cr alloy and Fe, can be subjected to the reactive 
ion etching . As a result of the development of such an excellent 
reactive ion etching method for a magnetic material , further 
techni cal development of the method has been expected . However , 
this method involves a problem in that the etching rate is not 
so large, for example, 34 nm/min, although working of fine 
patterns and anisotropic shapes can be realized. 

Furthermore, in the conventional etching method using the 
CO-NH3 mixed gas plasma, an SiO* film produced by a sputtering 
method has been used as a mask material that is difficult to 
suffer the etching reaction, and there is a problem in that the 
working precision and productivity of the SiO* film are limited . 
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Figure 2 shows a schematic flow diagram of the 

conventional process. 

in step (a) of Figure 2. on a substrate notarial such a. 
Corning 7059 glass substrate 1, a ferromagnetic thin film to 
be processed such as a permalloy (Fe-Hi alloy, 2 is formed by 
e sputtering method, a quartz <slo,, thin film 3 as a mass 
material and a conductive material such a. an amorphous carbon 
fil „ 4 ere formed in this order by a sputtering method, and a 
resist 5 as an electron beam-sansitiv. film is coated, for 
^cemple", by a spin coating method. The amorphous carbon film 
4 1.. conductive layer necessary for not charging the material 
to be processed on electron beam exposure, which becomes 
necessary since the guartz (SIC, film 3 is an insulating 
notarial . In step (b> of Figure 2, a desired pattern is formed 
on the resist by electron beam writing and development. The 
e„orphous carbon layer is etched by oxygen-ion etching with 
using the resist pattern a. a mash, to expose the SiO, film along 
„ith the pattern .step (c> in Figure 2, . The SiO, film is then 
etched with carbon tetrafluorid. <CF., , for example, to 
transfer the pattern onto the SiO, film. The ion etching with 
CF. is effective cnly to the SiO, film, and the permalloy as 
the objective material to be processed is not changed (step (d, 
of Figure 2) . 

The pattern transferred to the SiO, film is then 
transferred onto the permalloy with using the patterned SiO, 
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as a mask by the reactive ion etching method using the CO-NH 3 
mixed gas plasma described above. The resist film and the 
amorphous carbon film are also removed through the reactive-ion 
etching, and the SiO z remains on the patterned permalloy, to 
complete the transfer of the pattern (step <e> of Figure 2) . 
The fine working with reactive-ion etching of a magnetic 
material , such as a permalloy (Fe-Mi alloy) , a Co-Cr alloy and 
Fe, has been conducted according to this conventional process. 

However, the conventional process involves a problem in 
that not only the process is complicated with deteriorated 
productivity, but also since the transfer is twice performed, 
high precision of a transferred pattern cannot be obtained. In 
the conventional process, a pattern corresponding to the part 
that is has not been exposed to an electron beam finally remains , 
and as a result, the inverted pattern of the pattern exposed 
to an electron beam, i.e., a negative pattern, is provided. 
However, in the course of the production of a complicated and 
fine structure of a magnetic material, it is also necessary to 
provide a pattern corresponding to the part that has been 
exposed to an electron beam, i.e., a positive pattern. 

SUMMARY OF THE TMVP^tt^w 

An object of the invention is to solve the problems 
associated with the conventional techniques, and to provide a 
novel mask material, a process technique using the same, and 



7 



„ apparatus that realire effective reactive ion 

.tchin, of a «»Uc — • ^ ^ 

etchin, -i* ease and a hi,h resolution an. precise, and 

provision of a positive pattern. 

The invention relates to a method for reactive ion etchin, 
, mastic material eith a plasma of a mixed ,as of car.cn 
^ncxide and a nitrogen-containin, compound, 
the method comprising 

a step, in „hich amultilayered film comprising a poetic 
serial thin film havin, thereon a resist film formed « - 
3 ubstr,te is exposed to an electron beam and then developed, 
to form a pattern on the resist film, 

a step, in "hich a mas* material is vacuum deposited, 
, step, in which the resist is dissolved, to form a mass. 

, step, in which a part of the mastic material thin film 
t^t is not covered with the mast is removed bv reactive-ion 
etchin, with a plasma of a mixed ,as of carbon monoxide and a 
nit ro,en-containin, compound, to form a pattern on the mastic 
serial thin film, and thus obtainin, the mastic material 

thin film finely worked. 

In the method for reactive-ion etchin, of the invention 

described above, the mast used in the reactive ion etchin, ma y 
comprise at least one member selected from the ,roup consists 
of titanium. maonesium, aluminum. ,ermanium, platinum. 



palladium, an alloy comprising at least one of them as a main 
component, and a compound thereof. 

In the method for reactive-ion etching of the invention, 
the mask used in the reactive-ion etching may -comprise silicon 
or an alloy comprising silicon as a main component. 

In the method for reactive-ion etching of the invention, 
the mask used in the reactive-ion etching may comprise a 
compound of silicon, and may be disposed on the pattern formed 
on the resist film and formed into the mask by a lift-off method. 

The invention also relates to an apparatus for reactive 
ion etching comprising a reaction chamber and metallic parts 
contained in the reaction chamber, the whole or a part of which 
comprises at least one metallic material selected from the group 
consisting of titanium, aluminum, and an alloy comprising at 
least one of them as a main component. 

In the apparatus for reactive ion etching of the invention 
described above, a surface layer of the whole or a part of the 
reaction chamber and metallic parts contained in the reaction 
chamber comprises the at least one metallic material . 

In the apparatus for reactive-ion etching of the 
invention, a susceptor for supporting a material to be etched 
comprises at least one metallic material described above. 
In the apparatus for reactive ion etching of the invention, at 
least one of a high frequency electrode, a high frequency 
antenna, an ground electrode, a zero potential shield and a 
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^x. laa -*. on e metallic material 

protective plate comprises the at least one me 

described above. 



mSE _ BgsmS rim OF Tff* nRAWIHQS, 

Fig ure 1 is a schematic flow diagram of a fine working 
of a magnetic material according to one embodiment of the 
invention. 

Figure 2 is . schematic flow diagram of a fine wortin, 
of . magnetic -atrial according to the convantionai process. 

plg-re 3 i. » schematic cross sectional view of an 
apparatus for reactive-ion etching of a parailel flat plates 
type according to one embodiment of the invention. 

Figure 4 is a schematic cross sectional view of an 
apparatus for reactive ion etching of an inductive coupling type 
according to on. embodiment of the motion. 

Figure 5 is a schematic cross sectional view of an 
apparatus for reactive ion etching of an electron cyclotron 
resonance type according to on, embodiment of the invention. 

Figures A, 6B and 60 are electron micrographs showing 
etch features of magnetic materials. 

BBg gaenai o r tut bssbbbeb uffiaBMBSs 

The invention relates to , mast for reactive-ion etching 

. - -I vvi/ a reactive-ion etching 
used on etching a magnetxc material by a react* 

- _ as 0 f carbon monoxide and a 
method using a plasma of a mixed gas ot ca 
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nitrogen-containing compound, and an apparatus for 
reactive-ion etching. 

The invention is described in detail below, 
(a) Mask for Reactive Ion-Etching 

A mask substance having been generally used in the 
semiconductor technique is a resist itself, which is a polymer 
material. However, the various polymer resists cannot be used 
as a mask in a C0-NH 3 gas plasma due to its large loss . Metallic 
elements, such as Cr, W, Mo, Mn, Nb, Ta, Fe, Ru, Os, Co, Rh, 
Ir, Ni, Cu, Ag, Au, Ga, In and Sn, and an alloy or compound 
comprising them as a main component are not suitable as the mask 
material because they react with the CO-NH 3 gas plasma and 
themselves are etched by the sputtering action to be worn out. 
Metallic elements, such as Zn, Cd and Pb, and an alloy or 
compound comprising them as a main component are also not 
suitable because they are poor in resistance in vacuo. On the 
other hand, it has been found from experimental results that 
Tx, Mg, Al, Si, Ge, Pt, Pd, an alloy comprising at least one 
of them as a main component, and a compound thereof are suitable 
as the mask material because they are difficult to react with 
the CO-NH3 gas plasma. Among these, the most preferred are Ti 
and an alloy or a compound comprising Ti as a main component 
in view of the requirements of chemical stability, dense packing 
of crystalline grains, and difficulty of generation of 
pinholes . 
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In the invention, the mask may comprise at least one 
member selected from the group consisting of Ti. Mg. Al, Ge, 
Pt. Pd. an alloy comprising at least one of them as a main 
component, and a compound thereof. For example, the mask 
comprises at least one of a single metal of Ti, Mg, Al. Ge. Pt 
or Pd, a Ti alloy, a «, alloy, an Al alloy, a Ge alloy, a Pt 
alloy, a Pd alloy, a Ti-Hg alloy, a Ti-Al alloy, a Ti-G. alloy, 
. Ti-Pt alloy, a Ti-Pd alloy, a Mg-Al alloy, a Mg-Ge alloy, a 
Mg-Pt alloy, a Mg-Pd alloy, an Al-Ge alloy, an Al-Pt alloy, an 
M-Pd alloy, a Ge-Pt alloy, a Ge-W alloy, a Ti -Mg-Al alloy. 
, Ti -Al-Ge alloy, a Ti -Mg-Ge alloy, a Ti-Mg-Pt alloy, a Ti- 
Al-Pd alloy, a Mg-Al-Ge alloy, TiO,, Mgo. MgF„ A1.0,. TiH, A1K, 
seo, and PdO. The term -at least one- used herein means 
that the vhole mask may comprise only one member of them, and 
the mask may comprise plural kinds of them, »hi=h „ay constitute 
part by part of the mask, may constitute , laminated structure, 
or may constitute the exposed surface layer of the mask. 

I„ the inv^tion, the mask may also comprise silicon or 
an alloy comprising silicon a. a main component, as well as » 
cc^ound of silicon, such as SiO, and Si,H.. Preferred example 
of the alloy of silicon Include those comprises silicon and the 
above-described metallic elements, e.g. , Ti . Mg. Al and Ge, such 
, s a Ti-Si alloy, a Si-Al alloy, a Si-Ge alloy, a Si-Pt alloy, 
aSi-Pd alloy, aTi-Si-Al alloy. ,Ti-Mg-Si alloy and an Al-Mg-Si 



alloy. 
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While Si0 2 has been considered as a material for a mask, 
it has been used in the method in which the pattern is twice 
transferred. In the invention, on the other hand, it is used 
as a novel mask by using the lift-off method. 

The mask can be formed by various methods, such as vacuum 
deposition, sputtering, ion plating or ion-beam deposition. 

Figure 1 shows one embodiment of a schematic flow diagram 
of the fine working with respect to the mask of the invention. 

In step (a) of Figure 1, a magnetic material thin film 
2 as a material to be subjected to the fine working is formed 
on a substrate material 1 such as Corning 7059 glass, and a 
resist film 5 is coated thereon, for example, by a spin coating 
method. The resulting multilayer is exposed to an electron 
beam, and then developed, to form a desire pattern 6 on the 
resist film 5 (step (b) of Figure 1). A mask material 7 such 
as Ti is vapor deposited (step (c) of Figure 1) , and a Ti mask 
8 is formed by a lift-off method, i.e. dissolution of the polymer 
resist (step (d> of Figure 1) . A part of the magnetic material 
thin film that is not covered with the Ti mask is removed by 
reactive-ion etching with a CO-NH 3 mixed gas plasma, to form 
a pattern on the magnetic material thin film, and thus obtaining 
the magnetic material thin film 9 finely worked (step (e) of 
Figure 1) . The Ti mask remains as not removed in this stage. 
The remaining Ti mask is removed, if necessary, for example, 
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„, a conventional reactive etchin,»ethod using a OCX. gas plas^ 

(step (f) of Figure 1) . 

In any e^odiment of the invention, no redeposition 
layers or a contamination on the surface of the etched feature 
are observed, end etching with a sharp and a precise shape can 
fce realized. Representative of the material to be 

etched in the invention is a .acetic —lal including a 
acetic Serial c^risin, a transition »etal as a «ain 
cogent, such as pe-alloy. P.. Hi. Co. a C-Cr alloy, e 
sendust alloy. Mo. a rare earth ele»ent. an alloy or a co^und 

of these elements- 

the resist fil« used for forming the mast pattern, 
various organic polymer «U- utilirin, the conventional 
asposur.-d.velop.ent sy.t» «ey be used. It -ay be form-d by 
aitect formation of the mas* pattern. As the plasma ges for 
etchin,, a mixed gas of CO and a nitrogen-containing co**ound, 

i «= «T- e Ferablv used for etching a magnetic 
such as NH, or an amine, is preferably usea 

material . 

(b) Apparatus for Reactive Ion Etching 

An apparatus for reactive ion etching used in the fine 
wording process of the invention at the step (e, of Figure 1, 
i ... th. reactive ion etching using the CO-KH 3 mixed gas plasma, 
is described. 

in the conventional apparatus for reactive ion etching, 
the reaction chamber and constitutional parts conteined in the 



reaction chamber are composed of stainless steel. Stainless 
steel is an alloy comprising iron, nickel and chromium, which 
are transition metals, and thus has a composition similar to 
a magnetic material. Therefore, if the reactive ion etching 
to a magnetic alloy mainly composed of a transition metal with 
the mixed gas plasma of CO and NH 3 is conducted by using the 
conventional apparatus for reactive-ion etching, not only the 
material to be etched but also the reaction chamber, an 
electrode, a susceptor supporting the material to be etched, 
and other peripheral parts exposed to the plasma are subjected 
to the action of the ion etching . Accordingly, a problem arises 
in that the interior of the reaction vessel is corroded, and 
at the same time, the whole of the reactive gas plasma cannot 
be effectively used for etching of the material to be etched. 
This also becomes a factor of contamination of the material to 
be etched and brings about various unfavorable results such as 
reduction in etching rate. 

In the invention, to solve the problems described above, 
titanium (Ti) , a Ti alloy, aluminum (Al) , an aluminum alloy or 
a Ti-Al alloy is used for at least a part of the reaction chamber 
and constitutional parts contained in the reaction chamber 
instead of stainless steel used in the conventional apparatus. 

The term "a part" used herein means, in view of the object 
of the invention, a portion or a part that is liable to receive 
the etching action of a plasma of a mixed gas of CO and NH 3 or 



15 



, .axed „. of CO and a nitrogen-containin, confound, such as 
» ^ne, and adversely affects en the reactive ion etching. 
Therefore, it can be understood in the practical constitution 
of the apparatus that the whole or a part of the aain body of 
a. reaction <*asfcer. its inner surface, an inlet systen and 
e„ exhaust system of the gas. and various parts disposed in the 
chafer are »ade of the above-described petals, with taXin, the 
sy ste» of aeration and introduction of the plasna and the 
species and the sire of the materia! to he etched into 

consideration. 

For example. Figures 3. 4 and 5 show «*>odi«e»ts of the 
apparatus of the invention, which are a parallel flat plates 
^ px— apparatus, an inductive coupling type plasma 
apparatus, and an electron cyclotron resonance type plasma 
apparatus, respectively. In the,, apparatuses, the portion, 
an* the parts described below are composed of Ti , Al , a Ti alloy , 
„ Al alloy or an Ti-Al alloy, except for a non-metallic part 
such as glass or cooling water. 

In Figures 3, 4 and 5, numeral 10 denotes a reaction 
chafer, 11 denotes a protective plate. 12 denotes a ground 
electrode, 13 denotes a supporting plate. 14 denotes a high 
frequency electrode, 15 denotes a zero potential shield, 1. 
denotes a conductance adjusting valve, 17 denotes a window 
flange or a feed-through flan,., 18 denotes an inlet of a 
taction gas. 1. denotes a viewport. 20 denotes a high f regency 
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power source, 21 denotes cooling water, 22 denotes a coil 
antenna, 23 denotes a quartz window, 24 denotes a solenoid coil , 
and 25 denotes a microwave waveguide. 

As a result of actual experiments with respect to Ti, Al, 
Cu and the conventional stainless steel, in the case where all 
the metallic parts contained in the reaction chamber, e.g, a 
susceptor supporting the material to be etched, a high frequency 
electrode, a zero potential shield, and a ground electrode, as 
well as struts, shutters, bolts and nuts, were composed of Ti, 
the most excellent function of the invention was obtained. 
That is, in the process of reactive ion etching, the ratio of 
the loss of these parts made of Ti due to corrosion was as small 
as it cannot be observed in comparison to stainless steel, and 
the etching rates of a permalloy (80%Ni-Fe alloy) and a 10%Cr-Co 
alloy as a material to be etched were 120 nm/min and 140 nm/min, 
respectively, which were 4 times larger than that of the 
conventional apparatus using stainless steel • Furthermore, no 
redeposition layers on the surface of the etched feature 
observed, and etching with a sharp and precise profile could 
be realized. The parts that exhibit the most considerable 
influence on the function of the invention are a susceptor 
supporting the material to be etched, and a ground electrode. 
In order to constitute these parts, Ti is preferred from the 
standpoint of its excellent resistance in vaccum, mechanical 
strength, weldability and workability of bending and cutting. 
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In addition to pur. ti. various Ti alloys that satisfy the 
coitions above can bo used in the invention. Preferred 
^ le s of the Ti alloy include a Ti-Pd alloy, a Ti-Ta alloy, 
a Ti-Al-Sn alloy, a Ti-Al-V-MO alloy , a Ti-M-Sn-Zr-Mo-Si alloy. 
, Ti -M-Zr-Ho-Sn alloy, a Ti-Al-Valloy. a Ti-Al-Sn-Zr-Mo alloy, 
a Ti-Al-V-sn alloy and a Ti-V-Cr-Al alloy. 

While pure Al also exhibit the si-ilar function . it should 
be carefully handled with respect to the voidability and the 
atrength in prison to Ti . In addition to pur. Al , the sa- 
nction can be obtained by using alloys, such as an Al-Cu-X, 
ailoy (-her. X, is an additive element, .... Si, Hn and Mg> , 
an Al-Mn-X, alloy (where X, is an additive element, e.g. Mg and 
Si> , an Al-Mg-X, alloy (where X, is Zn. Si, Cr, «n or Mg. , end 
an Al-Si-X. alloy (where X. is an additive element, e.g. «g, 
Cu and Cr) . 

pure CU and alloys composed of Cu as a main component do 
act exhibit any nettle function in comparison to stainless 
steel . 

in the invention, according to the constitution described 
tn the foregoing, a novel mast material, a process technigu. 
using the mast material , and an apparatus therefor are provided, 
that realize effective reactive-ion etching of a magnetic 
material with a large etching rate, etching with ease and high 
resolution and precision, and provision of an positive pattern . 
The constitution and function of the invention is described in 
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more detail referring to the following examples, but the 
invention is not construed as being limited thereto. 

EXAMPLE 1 

Fine Working of Fe Thin Pi jm using T| 

Reactive ion etching was conducted according to the 
process shown in Figure 1 using the apparatus for reactive ion 
etching of the invention. In the apparatus, the reaction 
chamber and all the parts contained therein are made of pure 
Ti . 

An Fe thin film having a thickness of 450 nm was formed 
as a ferromagnetic material thin film 2 on Corning 7059 glass 
substrate 1 by a sputtering method. After forming a resist film 
5, a pattern 6 of the resist film was formed by electron beam 
lithography. By using Ti as a mask material 7 formed on the 
pattern 6, a mask 8 composed of a number of small Ti pads was 
formed by a lift off method. The resulting sample was placed 
on a lower electrode cooled by water, powered by a high frequency 
of 13.56 MHz. The distance between the high frequency 
electrode and a ground electrode was set to 35 mm. With 
supplying a CO gas and an NH 3 gas into the reaction chamber at 
flow rates of 6.3 cc/min and 6.8 cc/roin, respectively, the 
pressure of the reaction gas in the chamber was maintained at 
a pressure of 5. 7 x 10 s Torr by evacuating with a turbo-molecular 
pump. A high frequency of 3.7 W/cm J was applied to the lower 
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eieetrode s-PPortin, «- » 3 

plisra of the 00-. — - **» reactive-ion etchin* 
vas conducted. The ti«e of etchin, P~ces, -4.. — *~ 
Mter etchin, -as conducted accordin, to the 

^-described ^ . step hei 9 hts between the part covered 
uith the « pad used as the .as, e and the part not covered with 
lt ^re measured by a lU^*- Section interpreter, 
„ obtain an etchin, rate. The futures forced by etchin, »er. 
observed with an eiectron-bea* horoscope, to evaiuate the 
otchin," for flatness and sharpness of the steps, and a 

... nnl aver as a result of etchxng , 
. contamination or a redeposxta.cn layer. As 

- „ qH _«- a finely worked magnetic 
a patterned Fe thin film was obtained as a fine y 

serial 9. «- etching rate for the Fe thin film was ,0 nm/min. 

^ etching feature having a sharpness with a radius of 

of about 0.1 and a depth of 400 nm was obtained. 

a, 6B and 6c are electron-beam micrographs 
Figures oA, o» 

sbowin, the resets of etchin, of the foUowin, thin ,U- 

using the Ti mask. 

Figure 6A: Fe thin film; 

Figure 6B: Co-9.8%Cr thin film; 

Figure 6C: Ni-20%Fe thin film. 
It oan be understood fro™ the nicrcraphs that exceiient worUn, 
precision can be obtained. 
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COMPARATIVE EXAMPT.F. 1 

Fin* Working of Permalloy (Ni-20%Fe allovl Thi n Film usirm T j 
Mask 

The reactive ion etching of an Ni-20%Fe alloy was possible 
under the same conditions as in Example 1. The etching rate 
was 120 nm/min and the shape obtained by etching was excellent. 

COMPARATIVE EXAMPT.F 9 

Fine Working pf Cp-9,8%Cr alloy Thin Film ..c ino Ti M aa t- 

The reactive ion etching of a Co-9 . 8%Cr alloy was possible 
under the same conditions as in Example 1. The etching rate 
was 140 nm/min and the shape obtained by etching was excellent. 
EXAMPI.B 7 

Fine working of m-20%Fe *n» y T M n fh™ ai Magk 

Aluminum was vacuum deposited and an Al mask was formed 
by a lift off method under the same conditions as in Example 
1. The reactive ion etching of a Ni-20%Fe alloy was possible 
under the same conditions as in Example 1. The etching rate 
was 120 nm/min and the shape obtained by etching was excellent. 
EXAMPLE g 

Fine Working pf Co-9.B%Cr all^y T hin Filn, ,,«,ino Si Maslr 

Silicon was vacuum deposited and an Si mask was formed 
by a lift off method under the same conditions as in Example 
1 . The reactive ion etching of a Co-9.8%Cr alloy was possible 
under the same conditions as in Example 1. The etching rate 
was 140 nm/min and the shape obtained by etching was excellent. 
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Galium was vacu™ deposited and a Ge mas* -as formed 
w , lift-off method under the same conditions as in E^le 
1 The reactive-ion etching of a Co-9.8%Cr ailoy was possible 
under the same conditions as in Example 1. The etching rat. 
„ »0 nm/min and the shape obtained by etching was excellent. 

« described in detail in the foregoing, the reactive ion 
etching of a magnetic material using a CO-HH, — * Plasma 
„ d n k e can be more effectively conducted by using the 
apparatus for t ea=tive-ion etching according to the invention, 
ln prison to the case using the conventional reactive ion 
etchin, apparatus. That is. the etching rate can be increased 
w about 4 times -der the same conditions, to contribute to 
the .erring efficiency, furthermore, the material to be etched 
is not contaminated during the etching process, and the 
reposition layer remove, by the etching can be reduced to the 
i.v.1 that does not bring about a problem. 

according to the function described in the foregoing, the 
reduction of a micro magnetic head, , microtis former, a 
magnetic device, a magnetic sensor, a magnetoresistanc. 
device, a spin diode, a spin transistor, a spin valve device, 
a spin valve magnetic memory and a „agnetoresistance tunneling 
effect device can be possible. The production of a patterned 
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magnetic recording medium of a high density magnetic recording 
medium that is being developed can also be possible. 
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WHAT IS CLAIMED IS: 

!. A method for reactive ion etching a magnetic 

_ _ ■ Yor , — s 0 f carbon monoxide and 
material with a plasma of a mixed gas of ca 

a nitrogen-containing compound, 
said method comprising 

a step, in which a multilayered film comprising a magnetic 
material thin film having thereon , resist film f«— - • 
aubstrate is exposed to an electron beam and then developed, 
to form a pattern on said resist film, 

a'Ytep, in which a mask material is vacuum deposited, 
, step , in which said resist is dissolved, to form a mas* , 

and 

a step, in which a part of said magnetic material thru 
mm that is not cover- with said mask is -moved by reactive 
io n etching with a plasm, of a mixed gas of carton monoxide and 
a ni tro,en-containing confound, to form a pattern on said 
magnetic material thin film, and thus obtaining said magnetic 
material thin film finely worked. 

2 a method for reactive ion etching as claimed in 
claim I. wherein said mask us- in said reactive ion etching 
crises at least one member selected from the group consisting 
of ^auium, magnesium, aluminum, germanium, platinum, 
palladium, an alloy co^risin, at least one of th« as a main 
component, and a compound thereof. 
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3. A method for reactive-ion etching as claimed in 
claim 1 , wherein said mask used in said reactive-ion etching 
comprises silicon or an alloy comprising silicon as a main 
component. 

4. A method for reactive-ion etching as claimed in 
claim 1, wherein said mask used in said reactive ion etching 
comprises a compound of silicon, and is disposed on said pattern 
formed on said resist film and formed into said mask by a lift 
off method. 

5. An apparatus for reactive-ion etching comprising 
a reaction vessel and metallic parts contained in said reaction 
vessel, the whole or a part of which comprises at least one 
metallic material selected from the group consisting of 
titanium, aluminum, and an alloy comprising at least one of them 
as a main component. 

6. An apparatus for reactive-ion etching as claimed 
in claim 5, wherein a surface layer of said whole or a part of 
said reaction vessel and said metallic parts contained in said 
reaction vessel comprises said at least one metallic material. 

7. An apparatus for reactive-ion etching as claimed 
in claim 5 or 6, wherein a susceptor for supporting a material 
to be etched comprises said at least one metallic material. 

8. An apparatus for reactive-ion etching as claimed 
in claim 5 or 6, wherein at least one of a high frequency 
electrode, a high frequency antenna, an ground electrode, a zero 
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shi .ld and a protective plate co^ri id at ieast 



potential 
one metallic material 
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